Here is an analysis of the effect of the ISO 9000 certification on the economical results of Russian companies through the use of the propensity score matching (PSM) method, a method which had proven itself reliable at dealing with the selection problems that were highly likely to arise in this research. Informational dataset is built on the basis of a sample of the Industrial companies competitiveness monitoring project, conducted in 2009 by the Institute for Industrial and Market Studies at HSE. The empirical study methodology is given: hypothesis, informational dataset and model of effects evaluation. The main finding of the paper is that holding the ISO 9001 certificate by a Russian manufacturing company stimulates its profitability and reduces costs, but does not lead to sales and asset turnover rises.
Introduction
In a quarter of a century the ISO 9000 standard has achieved worldwide recognition and wide distribution 4 . Normative requirements that the standard contains allow companies to implement and certify ISO 9000 quality management system (QMS). Though certification to the standard is not obligatory, most of the companies obtain the ISO 9001 certificate in order to demonstrate to stakeholders their commitment to the ideas of quality and permanent improvement. At present the Russian market share of companies -possessors of ISO 9001 certificate -is very large. In 2009 and 2010 Russia was the first and the second respectively of the top-10 countries, which provided the largest annual increase in the number of certificates awarded. Despite the extreme popularity of the ISO 9000 certification in Russia, there are very few papers with quantitative analysis of the certification effects in Russian companies. The majority of papers are based on personal experience of the authors, who work in companies with QMS ISO 9000, or on questionnaires, which are made in certified companies.
Once the company has obtained the certificate they hope to experience its potential signal effect. The fact that Russian companies, at the moment, do not have a clear vision about the attainable effects often leads to unrealistic expectations from the QMS implementation. Therefore a question of justification the decision to implement the QMS in terms of its effectiveness rises. This paper aims to analyse the economic effects of the QMS ISO 9000 certification on Russian manufacturing companies, with the help of econometrical methodology -PSM.
Background
ISO 9000, created by the International Organization for Standardization, represents an important certification standard. Under the provisions of this standard, the firm must be able "to consistently provide products that enhance customer satisfaction and meet applicable statutory and regulatory requirements" (ISO, 2009) . Audits take place at intervals of 3 years.
Among certified companies industrial companies prevail: 83% in the world and 91% in Russia. Notably, in Russia and in the world economy the list of the industries in which standard implementation is the most active is almost the same and combines generally manufacturing industries: construction, electrical and optical equipment, machinery and equipment, basic metal & fabricated metal products and engineering services (The ISO Survey of Certifications, for 2013).
The main reasons for the popularity of the QMS ISO 9000 throughout the world come from the pressure which companies experience from their stakeholders, as well as from the expectations from the possible market signal, interpreted by Joseph Stiglitz as information for market participants about services and products quality, after obtaining the ISO 9001 certificate (Stiglitz, 1979) . Below these two aspects are discussed. Pressure from stakeholders on a companу to introduce the QMS makes the standard spread in the industries, as it is believed to be useful in international trade and investment facilitation (Neumayer, Perkins, 2005) , in sidestepping problems associated with product complexity where the quality is difficult to ascertain (Uzumeri, 4 According to the data of the International Organisation for Standardisation 1 129 446 certificates were issued in more than 187 countries in 2013.
1997), in decreasing transaction costs and information asymmetry (Cole, 1998) . In case of dominance in an industry of one or several large companies that require from their suppliers the implementation of the ISO 9000 standard, other companies experience strong sectorial pressure that can make quality management standards spread in the industry. At the same time researchers have shown that companies within one industry are exposed to different levels of institutional pressure which leads to the situation when transnational companies, leaders and outsiders, experience greater pressure and reacting to it stand a better chance for benefits from standard implementation (Delmas, Toffel, 2004) . Terlaak and King (2006) have pointed out that even if there is little external pressure on companies to introduce certification, the voluntary act of doing so can help an organisation to communicate its quality and help it to garner an advantage vis-à-vis its competitors.
The second aspect of the ISO popularity comes from an ability of the certificate to signal to a customer about the level of quality that a company has reached (Cole, 1998) . The renowned economist and Nobel Memorial Prize recipient, Michael Spence, once likened a student's attainment of a college diploma to a market signal (Spence, 1973) . Irrespective of whether the students actually learned anything from their experiences at college, prospective employers interpret the diploma as a signal of a graduate with higher human capital, as weaker students are weeded out and fail to obtain the diploma. Analogously, when a firm is successful in attaining certification status, it sends a positive signal to the market. This signal is arguably more important for Russian industrial companies as they operate in a market with lower levels of trust or transparency, with high information asymmetry, which as George Akerlof showed has negative consequences on both suppliers and customers, with still high corruption levels (Russia was ranked 136 out of 175 countries in 2014 according to Transparency International) (OECD Economics Surveys Russian Federation 2014; Akerlof 1970) . A company that is successful in using the certification signal potential has an opportunity to enter new markets, including foreign ones, to increase its sales and competitiveness.
The signal must be costly to firms however, otherwise the effort of pursuing certification would be so low that all firms would choose to introduce certification and there would be no separation between high-and low-quality firms (Darnall and Edwards, 2004) . The marginal cost of certification for the highest quality firms is relatively low compared to those incurred by the lowest quality firm (Darnall and Edwards, 2004; Hutchins, 1997) . The value of certification is intuitive. To tell what is the average cost of certification for a company is difficult as it varies in each case. Compliance with the standard requires a firm to employ a specific set of management practices which are invariably verified by an external auditor.
Paucity of empirical evidence for Russian companies on whether it is beneficial for them to implement and certify the QMS gives us grounds to formulate the aim of the study -to analyse economic effects of the QMS ISO 9000 certification on Russian manufacturing companies.
Manufacturing companies were chosen as a study object for the following reasons:
1) Manufacturing acts an important part of the Russian economy as it contributes significantly to the technological power of the country, is of high importance for the competitiveness of the national economy and openness to industrial and managerial innovations. Manufacturing sector share in Russian GDP in 2012 was 13% (to compare in 2010 in Russia it was 14%, in the USA -12%, in the UK -10%). The share of manufacturing within Russian industrial production was 66% in 2009. Manufacturing is also leading among Russian industries in the number of employed -77% in 2010.
2) Manufacturing in Russia is at the forefront in quantity of the issued ISO 9001 certificates in different industries: 47% of manufacturing companies were certified to the requirement of the ISO 9000 standard in 2012.
Hypotheses
The signaling quality of certification as well as its distribution across manufacturing sectors in Russia leads us to formulate our main research hypothesis, which suggests that the QMS ISO 9000 implementation and certification improves a company's economic performance, which is considered as the overall outcome of different positive effects. We can assume that the main sources of certified company economic results improvement are revenue increase and cost reduction.
The basic assumption is specified in three hypotheses, first of which is formulated below. H1: Russian manufacturing companies that introduce the ISO 9000 standard are more profitable, all things equal, compared to firms that remain without certification. Terlaak and King (2006) examined the issue of certification as a signaling mechanism for a 10 year panel of US manufacturing companies. Certified firms grew faster after certification and importantly there was a moderating effect of supplier transparency with the growth outcome. When buyers experienced greater difficulty about suppliers, the growth effect was more pronounced.
What is interesting about the Terlaak and King analysis is the moderating effect of supplier market thickness (larger number of buyers imposes higher search costs and heightens the need for a quality signal) and lack of transparency (firms in service sector or those with higher rates of intangible assets also rely more heavily on a certification generated signal).
Another interesting result of the Terlaak and King research, crucial for our analysis, states that the bigger the industry in which a company operates is, the more sales increase as the result of the certification.
Other researchers point out that once the QMS is introduced companies acquire opportunity for income increase due to gaining access to new markets (Corbett, Montes-Sancho, Kirsch, 2005) .
Häversjö, in his analysis of Danish companies, justified another cause of the income increase after certification -quality rise. He manages to find two effects: 1) after certification Danish companies showed significant income increase comparing to the period prior to certification 2) return rate proved to be significantly higher at certified firms compared to similar uncertified ones (Häversjö, 2000) .
Feng et al and Sharma in different works obtained the same finding -the QMS introduction positively affects a company's internal (operational) efficiency (Feng, Terziovski, Samson, 2007; Sharma, 2005) .
The degree of influence of ISO 9000 certification on a company's efficiency results is often estimated by means of two financial indicators: ROA (return on assets) (Corbett et al. 2005; Heras et al. 2002; Martínez-Costa et al. 2008 ) and ROS (return on sale) (Heras et al. 2002) . Along with these indicators, for the estimation of economic effects the indexes of operational performance (Casadesus et al. 2001) , staff profitability (return on one worker) (Martínez-Costa et al. 2008 ) and labour productivity (Martínez-Costa et al. 2008 ) are used.
The above discussed empirical evidence and orientation to a trial of assessing the economic results, after certification, on companies within a particular industry leads us to the following choice of financial indicators for the first hypothesis testing -ROA and ROS which measure two sides of profitability. Profitability changes analysis allows for evaluating the QMS implementation impact on the efficiency of production and commercial activity.
H2: Companies with the ISO 9001 certificate experience lower production costs compared to uncertified ones.
Literature suggests that the QMS implementation initiates elimination of unproductive activities, reduction of waste, defects and reclamations. As a result of business process rationalisation a certified company's activity becomes more efficient, which leads to higher quality production without doubled operations, resources loss and excessive costs (Corbett, Montes-Sancho, Kirsch, 2005) .
Evidence from Russian literature (which mostly consists of expert views and interviews) suggests that certification leads to reclamations and production cost decreases (Tverskaya, 2005) and waste drop (Feigenson et al, 2012 ).
That which is mentioned above brings us to a conclusion of possible production costs decrease due to the certification in correspondence to the ISO 9000 standard requirements. As a financial measure of the level of production efficiency in hypothesis H2 we chose costs per rouble of sales.
H3: Companies with the ISO 9001 certificate are more likely to improve their market position compared to those without the certificate.
Due to the signal effect of the ISO 9001 certificate, a certified company acquires an opportunity to increase the confidence level of consumers and suppliers, which in turn raises the likelihood of new contracts. This suggests a possible increase in the number of customers and sales, and thus -an increase in the market share.
Empirical studies confirm these suggestions. Thus, Casadesus, Gimenez and Heras (2001) in their analysis of Spanish companies showed that 58% of them increased their market share and sales as a result of certification. Studies of Sharma (2005) , Corbett et al (2002) , Terlaak and King (2006) , Levine and Toffel, (2010) also confirm that certified companies achieved higher sales growth.
An empirical research of Korean companies from the electronic industry determined significant differences in strategy and tactics of undertaking business between certified and uncertified companies. According to obtained results certified companies are more open to business globalisation and establishment of relations with foreign partners (Lee, 2003) .
Reputational benefits gained from the QMS implementation allow companies to use the ISO 9001 certificate as a promotional instrument. This opportunity has been indicated in research conducted in the UK (BS5750/ISO 9000 -Setting Standards for Better Business), where certification is defined as an important marketing instrument, which leads to greater potential contracts and to considerable facilitation of international markets penetration.
In order to assess how successfully a company acts on a market, asset turnover is used in this study to test the hypothesis H3. In the analysis of change in this indicator we estimate whether the ISO 9001 certificate improves a certified company's market position in reference to its competitors.
Methodology
Typically two research approaches are used to estimate the effects of QMS ISO 9000 certification: comparison of company achievements obtained before and after certification and comparison of achievements of certified and uncertified companies. In the presented study economic results of certified companies to uncertified companies were compared using propensity score matching (PSM) methodology, suggested by Rosenbaum and Rubin (Rosenbaum & Rubin 1983) . The decision to apply this method for the purposes of the study comes from its capacity to deal with selection problem, which prevents from revealing the genuine certification effect. Selection problem, in our case, arises from the fact that certified companies, even before they have obtained the certificate, could have shown better financial results than uncertified companies. Therefore regardless of certifying their QMS, we would have expected from them better results than from uncertified companies.
In other studies, for instance in Terlaak and King (2006) , ex ante selection effects are not accounted for, which may lead to a biased assessment: performed in the study difference in differences analysis does not allow to control for it. PSM analysis in contrast is designed to control for ex ante differences. PSM method approaches a control group of uncertified companies to a main group of certified ones by chosen observed characteristics with the help of propensity score. This coefficient is assessed by using probit regression and it combines the observed characteristics of companies into a composite index. On the basis of propensity score control groups are divided into similar subgroups, which are then used for when comparing financial results of certified and uncertified companies.
Mathematically the effect of obtaining ISO 9001 certificate can be written in the form of the following expression: 0, + is unobserved factor as it describes an average financial result which would have been achieved by certified companies if they hadn't had a certificate. J. Heckman defined this average effect in the form of the mathematical expression (1):
where ISO is an indicator of whether the company has ISO 9001 certificate.
Unobserved factor in the expression should be changed to an observed one, for the role of which J. Heckman suggested { 0, + | = 0} -an average financial result of uncertified companies. Of course in order to conduct genuine analysis the control group of uncertified companies should be carefully constructed with the help of propensity score coefficient (Heckman et al. 1998 ). Dehejia and Wahba specified PSM steps in the following two-step algorithm:
1. Propensity score estimation by running logit or probit regression, which includes all of a company's observed characteristics that may have an impact on the fact that a company has the ISO 9001 certificate. After propensity score estimation data is divided into blocks (using STATA procedure pscore), the number of which depends on the results of hypothesis testing of whether propensity score is equal in a control subgroup of uncertified companies and in a main subgroup of certified companies. If the hypothesis is not confirmed, the division into blocks continues until propensity scores of two subgroups are equal.
2. Estimation of an average treatment effect from the QMS ISO 9000 certification using propensity score assessed at the first step (Dehejia & Wahba 1999).
Informational database
The 
Propensity score estimation
To obtain reliable results it is necessary to use the most complete set of a company's observed characteristics (Dehejia & Wahba 1999; Caliendo & Kopeinig 2008) . On the basis of the study of factors of the QMS ISO 9000 implementation conducted by the author of this paper on BEEPS 2002-2012 samples, and on the basis of the empirical studies on motivating factors for the QMS ISO 9000 implementation (Singels et al. 2001; Vynaryk & Dolgopyatova 2011) there were selected observable characteristics listed below which were used for propensity score estimation. It should be noted that all of the observed characteristics were taken with a time lag of several years prior to the receipt of the ISO 9001 certificate by companies from the sample, which required the used statistical method.
Factors that showed significance in the study of factors for the QMS ISO 9000 implementation on BEEPS samples: Export -dummy variable which equals "1" if a company has exported products; State -dummy variable indicating a state owned company; Foreign_owner -dummy variable which equal "1" if a company has a foreign owner; Import -dummy variable which equal "1" if a company has imported products; Additional factors used in the analysis were chosen based on the following reasons. Companies that have implemented QMS and decided to certify it in correspondence to the requirements of the ISO 9001 standard face the necessity of significant investments. Costs associated with the implementation and certification include, not only, the investment in organisational processes development and employees retraining, but also a detailed documentation of procedures. Procedure documentation is one of the main requirements of the ISO 9001 certificate, as it ensures a standardised procedure fulfillment, which leads to the maintenance of a constant level of product quality (Singels et al. 2001) . Since implementation and certification processes are rather expensive, it seems logical to use the variable, which reflects investments in a company in the year of certification or a few years prior.
The variable responsible for age of a company has been included in a group of observable characteristics, following Finley and Buntzman who in their study showed that company age affects its efficiency (Finley & Buntzman 1994) . To account for sectoral differences, financial indicators and company age variable were modified by the method used in the paper (Criscuolo & Hagsten 2007) : from logarithmical values of these variables there were subtracted mean logarithmic values for the industry.
Dependent variable ISO is a dummy variable which equals "1" if a company has the QMS ISO 9001 certificate.
Thus, using the probit model a composite index (propensity score) is constructed, and then average treatment effect is calculated with the help of STATA procedures attk and atts. Standard errors are obtained with bootstrap method.
Descriptive statistics of variables in pre-certification period by groups of certified and uncertified companies is presented in Table 1 of the Appendix, which shows that uncertified and certified companies, before certified companies obtained the ISO 9001 certificate, are significantly different from each other in some indicators. For example, certified companies export significantly more. Companies are also significantly different in costs per rouble of sales and company age.
The main research question was to identify the effects of the QMS ISO 9000 implementation. With the help of t-tests there were tested hypotheses about the significance of the differences in the financial indicators of certified and uncertified companies in the years after certification -2008-2010. Some financial indicators show a statistically significant difference between certified and uncertified companies. Detailed table with hypotheses testing results is presented in 
Number of observations 641
Notes: 1 coefficients significance: ** -5% level 2 robust standard errors in parentheses
The main aim of PSM analysis is to obtain a balanced distribution of observable characteristics between certified and uncertified companies. At the same time it is not overly important to perfectly predict the set of observable characteristics (Caliendo & Kopeinig 2008; Lee 2013) . The used probit model showed that companies that have the ISO 9001 certificate export more than those which do not have the certificate. Also a certified company shows slightly lower asset turnover than uncertified. The remaining variables in the model were insignificant. The model correctly classifies 92% of observations.
Estimation of an average treatment effect from the QMS ISO 9000 certification on company financial indicators
When estimating the average treatment effect common support option has been used. It helps not to include in the analysis those observations of a main group of certified companies, propensity score of which exceeds the maximum propensity score of a group of uncertified companies. Thus, the final group of analysed companies consists of 585 companies, which are divided into 3 blocks, so that the propensity score of the control subgroup of uncertified companies is not significantly different from the propensity score of companies from a main subgroup of certified companies. Such a division of sample observations is considered balanced. Table 3 shows the final division of the companies into blocks.
Tab. 3. Division of companies from the sample into blocks with the same propensity score

Uncertified companies
Certified companies In total 532 53 585
Rosenbaum, Rubin and Wahba, Dehejia point to the importance of testing balance of independent variables within blocks: t-tests reveal significant differences between the independent variables of certified and uncertified companies' subgroups (Dehejia & Wahba 1999; Rosenbaum & Rubin 1983) . If such differences are not found, then the variables are considered balanced within a block. Tests results are presented in Table 3 of the Appendix. It should be stated that all variables within the three blocks are balanced. This finding suggests that the chosen specification of probit regression (namely independent variables) used for propensity score estimation is effective. We can state that data was divided into blocks well, as in each block there are companies from both control and main groups and hypotheses about propensity scores equality between these groups within the blocks are not rejected. After observable differences between certified and uncertified groups of companies within the blocks were eliminated, average treatment effect of having the ISO 9001 certificate on companies' financial indicators was assessed. This effect is calculated as the average difference between the financial indicators of certified and uncertified companies in 2008-2010. Since it is impossible to find two companies with the exact same propensity scores, there exist various methods to find companies that are suitable for comparison with each other. In this study the kernel method was used as the main one, robustness check is made with the stratification method. In the kernel method for each certified company, a company for comparison was selected by kernel-weighted average. Afterwards when calculating treatment effect each pair is assigned weights inversely proportional to the distance between propensity score of a company from a control and a main group. In Stata 13 average treatment effect was calculated with the procedure attk.
The stratification method (atts procedure in Stata 13), when assessing an average treatment effect, uses division of data into blocks obtained when propensity score is measured. Inside the blocks the difference between the results of groups of certified and uncertified companies is calculated. Afterwards when measuring average treatment effect weighted mean of differences obtained in the previous step is calculated. Table 4 shows average treatment effects derived by using the kernel method and the stratification method. Results show that ROA to a less extent and ROS to a greater extent increases in the long term due to QMS implementation, which confirms the hypothesis H1. Increase in ROA in the long term allows admitting acceptable achieved level, as a result of the certification, of asset management quality. The increase in ROS demonstrates growth in the revenue share of profit, which indicates steady consumer confidence.
Tab. 4. Average treatment effect from the QMS ISO implementation on company's financial indicators in 2008-2010
Costs per rouble of sales decrease, which confirms the hypothesis H2. This testifies to the effectiveness of measures to strengthen discipline, to rationalise the use of resources etc. Incentive to all these transformations is the ISO 9000 certification. Continuous monitoring and timely actions to eliminate defects revealed in the initial stage, allow these to be fixed with lowcost methods. Standardising and documenting of operating procedures leads to increased productivity. Therefore revealed costs reduction per rouble of sales achieved by a certified company reflects its more efficient use of productive resources.
At the same time a decrease in asset turnover does not allow the acceptance of the hypothesis H3. The reason for this phenomenon may lie in the fact that assets of certified companies are growing faster than assets of uncertified companies from a control group. The ISO 9000 certification favours the development of a company's innovative initiatives, activates the implementation of advanced, technical, technological and organisational solutions, and these processes are accompanied by the growth of total assets.
Conclusions
Empirical study results show that after the QMS ISO 9000 implementation a certified company, as a whole, achieves better economic results than a similar uncertified company, but at the same time it does not show evidence of market position improvement.
According to critical expert appraisals those companies that decided to receive the QMS certification demonstrated, long before this decision, better results compared to other companies. However, given the used method specification 1) we choose for comparison uncertified companies from the control groups with similar characteristics to a certified company prior to the ISO 9001 certificate receipt 2) all intangible aspects not related to the certification are eliminated. Therefore, we can assume that the transformations that have taken place in a company after the event, are most likely connected with the restructuring of its internal organisational processes in accordance with the requirements of the ISO 9001 standard.
More perceptibly positive changes in the economic results show themselves in increased profitability and reduced production costs. These achievements can be interpreted as a consequence of organisational changes related to the implementation and certification of the quality management system, ISO 9000. A significant increase in ROS is due to the increase in net income. At the same time this increase is not enough to ensure a similar increase in ROA: likely increase in total assets oppositely influences ROA. The increase in total assets is also one of the reasons for the negative changes in asset turnover, which prevents us from talking about improvements of a company's market position achieved due to the certification. The results of the study indicate internal effects of the QMS ISO 9000 implementation, while assumption of positive external effects is not supported.
Absence of external effects demonstrates a paradoxical consequence of manufacturing industry domination among other industries by number of certified companies in Russia (46.8% -in 2012): signal of a certified company's high economic results is partly ignored by the market. It is also possible that no market effect from the certification comes from novelty effect loss: precisely, companies that implemented the QMS ISO 9000 before others (during the first years of its extreme popularity) could have achieved relatively larger effects from the certification. There also exists the distrust problem of companies' stakeholders to the ISO 9000 certificate that can influence signal effect development. This problem is especially timely for Russian market, where a company's stakeholders, knowing about often formal QMS implementation and dishonest certifying companies, pay particular attention to certificate "quality".
Thereby, revealed internal effects (even though skeptics may interpret them as mainly imitational effects) justify the decision made to implement the QMS ISO 9000. At the same time absence of external effects leads to an understanding that QMS implementation and even successful certification do no necessarily guarantee competitive benefits to a certified company compared to a similar uncertified one. Certification only gives an opportunity for a company to improve its market position. This opportunity in many respects explains the great demand for the QMS ISO 9000. Competitive potential of the QMS depends on institutional environment, pressure from its agents and on a company's ability to correctly assess available resources to reorganise work in order to apply quality management principles and to appraise market readiness to perceive, sent to it by the ISO 9001 certificate, signal of successfulness of this work.
Tab. 2. Mean differences t-test of financial indicators values between certified and uncertified companies in 2008-2010
Tab. 3. Testing the balancing property of unobservable variables within the blocks Note All variables are balances therefore propensity score is not statistically different in the blocks 1-3
